The effect of immunoneutralization of of gonadotropin-releasing hormone (GnRH) on LH secretion and concentrations of GnRH receptor, GnRH receptor mRNA, and gonadotropin subunit mRNA in pituitary tissue of orchidectomized sheep (wethers) was assessed. Thirty-six wethers were assigned at random to one of six treatment groups (six wethers per group). Thirty wethers (groups 2 to 6 ) received 200 mL (i.v.) of anti-GnRH antisera at passive immunization (PI). Anterior pituitary tissue was collected .5, 1, 2, 4, or 8 d after PI from wethers in groups 2 to 6, respectively. Pituitary tissue was also collected from unimmunized wethers (Group 1). Intravenous administration of anti-GnRH sera increased anti-GnRH activity to 69.1 ± .7% (percentage of total 125 I-labeled GnRH bound by a 1:1,000 serum: GEL-PBS dilution) within 1 h of PI. Anti-GnRH activity declined gradually during the period after PI, and 8 d after PI anti-GnRH activity was 57.2 ± 1.7%. Serum concentration of LH was significantly reduced, relative to the pretreatment (16.1 ± 1.8 ng/mL) level, within 4 h (7.6 ± 1.5 ng/mL) of PI, and the LH level was 10% of the pretreatment concentration 8 d after PI (1.6 ± 0.2 ng/mL). Steady-state concentration of GnRH receptor mRNA decreased progressively during the period after PI and was significantly reduced, relative to the level in unimmunized control wethers (.44 ± .03 pg/mg total RNA), 4 (.33 ± .03 pg/mg total RNA), and 8 (.31 ± .02 pg/mg total RNA) d after PI. Tissue concentrations of GnRH receptor and mRNA for the a, LHb, and FSHb subunits were also reduced ( P < .05) by PI. These data indicate that maintenance of steady-state concentrations of GnRH receptor and GnRH receptor mRNA requires continued GnRH stimulation.
Introduction
The concentration of gonadotropin-releasing hormone ( GnRH) receptors in pituitary tissue is an important determinant of the magnitude of the secretory response to GnRH stimulation (Loumaye and Catt, 1983; Laws et al., 1990) . The concentration of GnRH receptors in pituitary tissue is affected by gonadal steroids and GnRH itself (Hamernik and Nett, 1988; Sakurai et al., 1995) . Indeed, the frequency and amplitude of GnRH stimulation markedly influences the level of GnRH receptor in pituitary tissue (Katt et al., 1985; Papavasiliou et al., 1986) . Similarly, interruption or cessation of GnRH stimulation by hypothalamic-pituitary disconnection ( HPD) or administration of a GnRH antagonist leads to significant reduction in tissue concentration of GnRH receptor (Hamernik and Nett, 1988; Brooks and McNeilly, 1994) .
The steady-state concentration of GnRH receptor mRNA in pituitary tissue is also affected by many of the physiological stimuli that influence tissue levels of GnRH receptor (Brooks and McNeilly, 1994; Turzillo et al., 1994; Wu et al., 1994) . Increasing evidence suggests that GnRH is a key determinant of tissue levels of GnRH receptor mRNA. Indeed, pulsatile, but not continuous, delivery of GnRH increases the concentration of GnRH receptor mRNA in rat pituitary cells in culture (Kaiser et al., 1993; BauerDantoin et al., 1995) . Similarly, administration of a GnRH antagonist results in a marked reduction in the steady state concentration of GnRH receptor mRNA in sheep (Brooks and McNeilly, 1994) . In addition, recent work indicates that GnRH increases transcription of the GnRH receptor gene (Albarracin et al., 1994) . However, the role of GnRH in maintenance of tissue levels of GnRH receptor mRNA has been called into question by a recent report indicating that tissue concentrations of GnRH receptor mRNA in sheep are not affected by HPD (Turzillo et al., 1995a) .
In the studies reported here we determine the tissue concentrations of GnRH receptor and GnRH receptor mRNA in pituitary tissue of sheep after neutralization of endogenous GnRH by passive immunization ( PI) . We hypothesized that cessation of endogenous GnRH stimulation would lead to a reduction in steady-state concentrations of GnRH receptor and GnRH receptor mRNA.
Materials and Methods
Animals. Crossbred whiteface sheep were castrated within 2 wk of birth. The orchidectomized lambs (wethers) were housed in an open-sided barn under natural lighting and were afforded free access to water and alfalfa pellets supplemented with cereal grains and vitamin and mineral premix. The studies described here were conducted during the early winter, a period of reproductive activity in female sheep at this latitude (38 o N). The wethers were 6 to 8 mo of age (weight = 45 to 50 kg) at the time of experimentation. All experimental procedures involving the use of animals were conducted in accordance with NIH Guidelines and were reviewed and approved by the Animal Use and Care Committee for the University of California (protocol # 6380).
Cannulation. Before experimentation, one polyethylene cannula (Intramedic PE 190, Clay Adams, Parsippany, NJ) was inserted into the left jugular vein. This cannula was used for infusion of antisera. A second cannula, inserted into the contralateral vein, was used for blood collection. All cannulas were passed to the exterior of the animal holding area through a protective Tygon tubing sheath that was attached to the halter and lead rope. Wethers were freely mobile at the end of the 1-m lead.
Active Immunization of Donor Sheep. Antibodies directed against GnRH were generated in wethers actively immunized against a GnRH-keyhole limpet hemocyanin ( GnRH-KLH) conjugate (Adams and Adams, 1986) . The antisera were collected and processed for PI as described previously (Herman and Adams, 1990) . A 1:40,000 dilution of the pool of antiGnRH sera used in this study bound 41.7% of 125 I-labeled GnRH added.
Passive Immunization. Thirty-six wethers were assigned at random to one of six treatment groups (six wethers per group). Thirty wethers (groups 2 to 6 ) received 200 mL (i.v.) of anti-GnRH sera at PI. Pituitary tissue was collected .5, 1, 2, 4, or 8 d after PI from wethers in groups 2 to 6, respectively. Pituitary tissue was also collected from unimmunized control wethers (group 1). At tissue collection wethers were stunned by means of a captive bolt pistol and killed by exsanguination at the UC Davis Slaughter Facility.
Anterior pituitary tissue was quickly excised and halved by a midsagittal cut and each half was immediately frozen in liquid nitrogen and stored at −80°C for later analysis. Blood samples were collected prior to PI and 1, 2, 4, 8, and 12 h thereafter. Additional blood samples were collected daily to slaughter. Serum was harvested and stored frozen at −20°C for later analysis of concentrations of LH and anti-GnRH.
Endocrine Analysis. Serum concentration of LH was determined using a previously validated procedure (Adams et al., 1975) . The LH reference standard (NIAMDD-oLH-23) was a gift of the National Hormone and Pituitary Program (NIAMDD; Baltimore, MD). In all cases intra-and interassay coefficients of variation were less than 10%. Anti-GnRH activity was determined as described previously (Sakurai et al., 1992) . Briefly, 8 fmol of 125 I-labeled GnRH (20,000 cpm) in .1 mL of .1 M PBS containing .1% gelatin ( Gel-PBS) was combined with .1 mL of a 1:1,000 serum:Gel-PBS dilution. After incubation for 24 h at 4°C, the radiolabeled GnRH not bound to antibody was separated by precipitation with dextran-coated charcoal. Anti-GnRH activity in passively immunized sheep is expressed as percentage of 125 I-labeled GnRH bound by .1 mL of a 1:1,000 dilution of serum.
The affinity and tissue concentration of GnRH receptor were quantified by means of the procedure described previously (Sakurai and Adams, 1991) . Tissue concentrations of mRNA encoding the gonadotropin subunits and GnRH receptor mRNA were determined using the solution hybridizationRNase protection assays described previously (Sakurai et al., 1993; Adams et al., 1996) . Plasmids containing cDNA inserts for the bovine a (Erwin et al., 1983) , LHb (Maurer, 1985) , and FSHb (Maurer and Beck, 1986) subunits were kindly provided by R. Maurer, Department of Cell Biology and Anatomy, Oregon Health Sciences University, Portland, OR. A plasmid containing the cDNA insert for the ovine GnRH receptor (Brooks et al., 1993) was kindly provided by J. Brooks (MRC Reproductive Biology Unit, Edinburgh, UK). The sense and anti-sense cRNAs were generated from linearized cDNA by in vitro transcription using either T7 or SP6 RNA polymerase and the Riboprobe Gemini System II reagent system (Promega Corp., Madison, WI).
Statistical Analysis. The significance of treatments was assessed by analysis of variance (Gill, 1978) . Differences between treatment means were tested for significance using Duncan's multiple range test.
Results

Serum Concentrations of LH and Anti-GnRH.
Although anti-GnRH activity was not evident (antiGnRH activity < 1%) in wethers before PI, high antiGnRH activity was established within 1 h (69.1 ± .7%) of intravenous delivery of 200 mL of ovine antiGnRH antisera (Figure 1 ). Anti-GnRH activity declined gradually during the period after PI, and 8 d after PI anti-GnRH activity was 57.2 ± 1.7%. Serum concentration of LH was significantly reduced, relative to the pretreatment (16.1 ± 1.8 ng/ mL) level, within 4 h (7.6 ± 1.5 ng/mL) of intravenous administration of anti-GnRH antisera (Figure 1) . The serum concentration of LH continued to decline during the post-immunization period and was reduced by 90% 8 d after PI (1.6 ± .2 ng/mL).
Tissue Concentrations of GnRH Receptor and GnRH
Receptor mRNA. Steady-state concentration of GnRH receptor mRNA decreased progressively during the period after PI and was significantly reduced, relative to the level in unimmunized control wethers (.44 ± .03 pg/mg total RNA), 4 (.33 ± .03 pg/mg total RNA) and 8 (.31 ± .02 pg/mg total RNA) d after PI (Figure 2 ). Tissue concentration of GnRH receptor was also reduced ( P < .05), in comparison with the concentration in unimmunized control wethers (3.6 ± .4 fmol/mg fresh tissue equivalent [FTE] ), 8 d after PI (2.1 ± .1 fmol/mg FTE; Figure 3 ). The affinity of the GnRH receptor (1.1 ± .2 × 10 9 L/M) was not affected ( P > .05) by PI.
Steady-State Concentrations of mRNA for the Gonadotropin Subunits. The concentration of mRNA
for the a , LHb, and FSHb subunits in pituitary tissue of wethers was also reduced ( P < .05) by PI ( Table 1) . The reduction in tissue levels of LHb mRNA was significant 8 d after PI. In contrast, withdrawal of GnRH stimulation resulted in significant decrease in tissue concentrations of a and FSHb mRNA 1 and 2 d after PI, respectively. 28.5 ± 3.6 bc 11.7 ± 1.9 cd 39.1 ± 3.5 cde 2 22.1 ± 2.0 bcd 8.8 ± 1.4 de 23.5 ± 3.7 ef 4 15.5 ± 2.5 d 9.6 ± 1.5 cde 29.6 ± 7.2 def 8 5.4 ± .6 e 6.9 ± .4 e 14.9 ± .6 f
Discussion
We have used PI with ovine anti-GnRH sera to establish an immunological barrier between the hypothalamus and the gonadotrope cells of the anterior pituitary. Intravenous administration of antiGnRH sera rapidly increased the level of anti-GnRH antibodies in serum to a plateau that was maintained for at least 8 d after PI. The effectiveness of this immunological barrier is suggested by the rapid decline in serum concentration of LH after PI. The serum concentration of LH declined precipitously during the immediate post-immunization period and the serum concentration of LH remained low 4 and 8 d after PI. Similar patterns of change in the serum concentration of LH are noted in ovariectomized sheep after withdrawal of GnRH stimulation effected by HPD (Hamernik et al., 1986; Hamernik and Nett, 1988) , pentobarbital-induced anesthesia (Wright and Clarke, 1988) , or administration of a GnRH antagonist (Sanchez et al., 1994) .
In addition to effects on LH secretion, withdrawal of endogenous GnRH by PI also results in a progressive reduction in the steady-state concentration of GnRH receptor mRNA that eventually translates into significant reduction in the tissue concentration of GnRH receptor itself. These observations indicate that GnRH stimulation plays an essential role in maintenance of tissue concentrations of GnRH receptor and GnRH receptor mRNA. This conclusion is at odds with a recent report that the steady-state concentration of GnRH receptor mRNA is reduced, but not significantly decreased, during the 3-d period immediately after HPD (Turzillo et al., 1995a) . Conversely, the importance of GnRH in short-term modulation of the steadystate concentration of GnRH receptor mRNA is suggested by the results from studies using ovariectomized rats. In this animal model, pentobarbital treatment results in a rapid reduction in the tissue concentration of GnRH receptor mRNA (Bauer- Dantoin et al., 1995) . In addition, pulsatile delivery of GnRH to perifused rat pituitary cells for 8 to 24 h leads to a significant increase in the steady-state concentration of GnRH receptor mRNA (Kaiser et al., 1993; Bauer-Dantoin et al., 1995) . Episodic GnRH stimulation also increases steady-state concentrations of GnRH receptor and GnRH receptor mRNA in sheep (Hamernik and Nett, 1988; Turzillo et al., 1995b) . Similarly, tissue concentrations of GnRH receptor and GnRH receptor mRNA are markedly reduced in sheep treated with a GnRH antagonist (Brooks and McNeilly, 1994) . Collectively, these data support the postulate that maintenance of the steady-state concentration of GnRH receptor mRNA is dependent on continued GnRH stimulation. This maintenance of the tissue level of GnRH receptor mRNA is likely to reflect, at least in part, GnRH-dependent activation of gene transcription. Indeed, GnRH-dependent regulatory elements have been identified in the 5′-flanking region of the murine GnRH receptor gene (Albarracin et al., 1994) .
Withdrawal of endogenous GnRH stimulation by PI also results in a progressive reduction in steady-state concentrations of mRNA encoding the gonadotropin subunits. Similar reduction in tissue concentrations of mRNA for the gonadotropin subunits has been noted in rats receiving anti-GnRH antisera (Lalloz et al., 1988; Rodin et al., 1989) . These observations indicate that, like GnRH receptor mRNA, maintenance of tissue concentrations of mRNA for the gonadotropin subunits requires continued GnRH stimulation. This is consistent with the observations of Hamernik and Nett (1988) , which noted that tissue concentrations of mRNA for the a, LHb, and FSHb subunits in ovariectomized sheep were significantly reduced 9 d after HPD. This effect of HPD was reversed by pulsatile delivery of GnRH to HPD-ovariectomized sheep. Withdrawal of GnRH stimulation leads to a rapid decrease in mRNA encoding the gonadotropin subunits. Indeed, significant reduction in steady-state concentrations of mRNA for all gonadotropin subunits is evident within 24 h of HPD (DiGregorio and Nett, 1995) . Administration of a GnRH antagonist has a similar effect in sheep (Brooks and McNeilly, 1994; Sanchez et al., 1994) and rats (Wierman et al., 1989) . The reduction in steady-state concentrations of mRNA for the a, LHb, and FSHb subunits noted here in response to immunoneutralization of GnRH may be due to cessation of GnRH-activated transcription or attenuation of GnRH-dependent stabilization of mRNA. Indeed, GnRH-dependent change in both gonadotropin gene transcription and mRNA stability has been reported (Chedrese et al., 1994) .
Implications
The concentration of gonadotropin-releasing hormone (GnRH) receptors in pituitary tissue is an important determinant of the magnitude of the secretory response to GnRH stimulation. Tissue levels of GnRH receptor closely parallel steady-state concentrations of GnRH receptor mRNA. Like the concentration of GnRH receptor, the concentration of GnRH receptor mRNA in pituitary tissue is affected by gonadal steroids and GnRH itself. The data presented here indicate that continued GnRH stimulation is essential for maintenance of stable steady-state concentrations of GnRH receptor mRNA.
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